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(54) MAGNETIC CORE

(57) A magnetic core section of a transformer or an
inductor, comprising a substantially rectangular core sec-
tion body having opposing sides (20a, 20b) joined by
opposing ends (20c, 20d), and further comprising inter-

locking features (30a, 30b) provided at each of the ends,
shaped to interlock with interlocking features of comple-
mentary core sections (12a, 12b).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a magnetic
core design for transformers or inductors.

BACKGROUND

[0002] Transformers are used in many electrical sys-
tems to transform voltage or current at one level to volt-
age and/or current at a different level. A transformer con-
sists of one or more windings or coils of conductive ma-
terial e.g. electrically insulated copper, wound around a
ferrous or magnetic core such that current flow through
one winding or part of a winding will induce current flow
through another winding or part of a winding. Many sys-
tems e.g. power converters used in applications such as
aircraft, convert AC power to DC power to drive DC loads.
Three-phase transformers made from very thin laminat-
ed sheets of silicon steel or amorphous iron material are
commonly used in medium to high power AC/DC power
conversion systems. These transformers are suitable for
operating frequencies of 200Hz to 2 kHz because they
have low core loss and very high flux saturation charac-
teristics. To reduce harmonics in such systems, it has
become common to use autotransformers which only
have a single winding acting as both the primary and the
secondary winding of the system. Auto-transformers are
used, for example, in power conversion systems on air-
craft to provide power to the various electric loads.
[0003] Transformer and inductor cores may have dif-
ferent shapes. Common shapes are E, I, C or U. E and
I shaped cores may be combined as EE or EI shaped
cores. Two C or U shaped cores, or a C or U and an I
shaped core may be combined to an O shaped or oval
core. The windings are generally wound onto bobbins
first before being assembled together with the cores -
onto the core legs. For combined EE or EI cores, the core
parts are then typically held together by metal straps,
with the bobbins provided around the adjoining legs.
[0004] A disadvantage of these conventional methods
and designs is that the bobbins around which the wind-
ings have to be wound to keep then around the adjoining
core parts that form the core legs take up space in the
transformer that could otherwise be used for more wind-
ings. Further, the bobbins limit effective heat transfer be-
tween the windings and the cores. The manufacturing
and assembly process of these conventional designs re-
quires the three steps of machining the transformer coil,
winding the conductors onto the bobbin and assembling
the core parts and the bobbins. The parts then have to
be secured together by the metal strap or other mechan-
ical fastening means which adds a further assembly step
and also adds to the overall weight of the core.
[0005] Whilst these traditional designs work well as
transformers in most cases, it would be desirable to pro-
vide a core design that overcomes some or all of these

disadvantages.

SUMMARY

[0006] According to the present disclosure, there is
provided a magnetic core section comprising a substan-
tially rectangular core section body having opposing
sides joined by opposing ends, and further comprising
interlocking features provided at each of the ends,
shaped to interlock with interlocking features of comple-
mentary core sections.
[0007] Also provided is a magnetic core, a method of
manufacturing a magnetic core section and a method of
assembling a magnetic core.

BRIEF DESCRIPTION

[0008] Examples will now be described with reference
to the drawings. It should be noted that these are exam-
ples only and that variations are possible within the scope
of the claims. The description will focus on transformer
cores, but the principles apply equally to inductor cores.

Figure 1 shows an examples of a conventional EE
core design for the purposes of background.

Figure 2A shows an example of a core section in
accordance with the disclosure.

Figure 2B shows the core section of Fig. 2A fitted
with complementary core sections to form an EE
core design.

Figure 3A shows an example of an alternative core
section in accordance with the disclosure.

Figure 3B shows an example of an alternative core
section in accordance with the disclosure.

Figure 3C shows the core section of Fig. 3A or 3B
fitted with complementary core sections to form an
EE core design.

DETAILED DESCRIPTION

[0009] Figure 1 shows a typical EE core design. The
core comprises two complementary E-shaped core sec-
tions 2a, 2b each having a spine 21a, 21b from which
three legs 22 a, 22b extend. To form the EE core, the
two E-shapes are assembled such that their respective
legs 22a, 22b align and abut. Each core section 2a, 2b
is made of a stack of thin laminated sheets locked, glued,
welded etc. together as is known in the art. The trans-
former windings 1 are formed by winding conductive
wires e.g. electrically insulated copper wires wound onto
a bobbin. This is not shown in detail as it is well known
in the art. Each winding 1 (i.e. conductor wound onto a
bobbin) is fitted around an abutting pair of legs of the two
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cores. To assemble, the winding would typically be fitted
over one of the legs of one of the core sections and then
the other core section would be assembled such that its
corresponding legs fits through the bobbin and abuts the
leg of the first core section, such that the winding is pro-
vided around the join 3 between the two abutting legs as
seen in Fig. 1. The hold the assembly together, clamps
or straps would be fastened around the core sections
(not shown here, but well-known in the art). Similar prin-
ciples apply to transformer cores made by combining oth-
er core section shapes e.g. I, C or U shapes.
[0010] The present disclosure provides a transformer
core section onto which conductors may be fitted already
wound onto a bobbin, as is conventional, but also pro-
vides the possibility of directly winding the conductive
wire onto the core section without the need for a bobbin.
In some cases, extra electrical insulation, but highly ther-
mally conductive material, such as thin sheets or films
can also be put on the core prior to the winding process.
The core section is in the form of a substantially rectan-
gular block having sides 20a, 20b joined by ends 20c,
20d. The ends 20c. 20d are provided with interlocking
features that can interlock with complementary features
in other core parts to form the desired transformer core
shape. The core section 20 may be fabricated in a man-
ner similar to conventional core sections in that it com-
prises several laminated sheets 201 stacked together
and secured by interlocking, gluing, welding etc. In other
examples, however, the core section may be fabricated
as a solid block. The core section 20 can then be prepared
by providing the winding 11 around it (either on a bobbin
or by directly winding the conductor onto the core sec-
tion). The wound core section is then fitted to comple-
mentary core sections 12a, 12b by means of the matching
interlocking features 30a, 30b at the ends of the core
section which engage and interlock with matching fea-
tures 40a, 40b of the complementary core sections 12a,
12b.
[0011] Whilst the examples shown here combine the
core section 20 with two complementary sections 12a,
12b to form an EE core design, the same concept can
be used to form other shapes e.g. CC, UU, CI, UI, EI by
selecting appropriate complementary sections. Designs
with other numbers of legs are also possible.
[0012] The interlocking features 30a, 30b are shaped
to interlock - i.e. to fit into and secure to interlocking
shapes 40a, 40b on the complementary core sections.
One example is shown in Figs. 2A and 2B where the
interlocking feature on each end of the core section 20
is formed as a tooth defining a notch 301 on either side.
This can then lock into a correspondingly shaped recess-
es 40a, 40b formed in the complementary core section.
The sides of the tooth may be tapered outwards in the
direction away from the end of the core section to secure
the core sections against relative axial (direction A)
movement when the core section 20 is slotted into place
between the complementary core sections and its teeth
30a, 30b are slotted into the recesses 40a, 40b. Even

straight edges, however, will provide some degree of in-
terlocking between the core sections. In the example
shown in Fig. 2B, three such core sections 20 are as-
sembled between two substantially I shaped comple-
mentary sections 12a, 12b forming an EE shaped core
where the core section 20 of this disclosure effective re-
places the abutting legs 22a, 22b of the conventional
arrangement of Fig. 1. Because it is not essential to pro-
vide the windings on bobbins before assembly, the core
can be formed with sufficient gaps between the core sec-
tions to prevent flux saturation due to any imbalances
and DC flux. In preferred assemblies the gaps may be
large enough to be within the tolerance capability of
standard transformer machining tools (e.g. 50 mm) .
[0013] In an alternative example, as shown in Fig. 3A
and 3B, the interlocking features may be in the form of a
T-shaped protrusion 30’a, 30’b or 30"a, 30"b extending
from the end of the core section 20’ or 20", this defining
detents 32’a, 32’b; 32"a, 32"b between the bar of the T
and the end of the core section. The complementary sec-
tions 12’a, 12’b would then have respecting C-shaped
interlocking features 40’a, 40’b to lock around the end of
the T and secure in the detents. A benefit of this embod-
iment compared to that of Figs. 2A and 2B is that the
complementary T-shaped and C-shaped interlocking
features lock the core section and the complementary
section together in both direction A (up and down when
viewing the drawings) and direction B (side to side when
viewing the drawings). The sections can move relative
to each other in direction C (into and out of the page) for
assembly - sliding the T-shaped features into the C-
shaped features. If desired, this movement can be
blocked after assembly by some housing component e.
g. a lightweight cap or some form of clamp or the like.
Such a cap or clamp or the like can add to the
size/weight/volume of the design but, if designed well,
can provide thermal conduction enhancement to the
transformer/inductor depending on operating conditions
or environment.
[0014] In the example shown in Fig. 3B, an air gap 400
may be formed between two halves 120a’, 120b’. An air
gap 400 may be provided in core sections having inter-
locking features other than the T-shaped protrusions
shown in Fig. 3B. This feature allows the air gap to be
controlled to contribute to preventing magnetic flux sat-
uration. Without this air gap, the transformer can only
rely on the tolerance between parts 20’ and 12’a and
parts 20’ and 12’b to stop the flux saturation, which is the
main constraint in manufacturing the transformer core
design. Other interlocking features may also be envis-
aged. Whilst the examples show the core section having
interlocking features extending from the ends which in-
terlock with recessed interlocking features of the com-
plementary core sections, it is feasible that the interlock-
ing features of the core section are recessed with respect
to the ends and interlock with protruding interlocking fea-
tures of the complementary core sections.
[0015] Fewer steps are required to manufacture and
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assemble the core using the core section 20, 20’, 20" of
this disclosure, particularly when the windings are pro-
vided directly onto the core section. The core section and
winding 11 are preassembled and are then slotted in to
interlock with the complementary core sections and the
interlocking holds the entire assembly together without
the need for mechanical straps, full housings etc. This
simplifies manufacture and assembly and also reduces
overall weight. Direct winding onto the core section also
improves heat transfer between the winding and the core
and reduces the cooling requirements, and may also re-
duce transformer losses as any fringe flux effect occur-
ring at air gaps between adjacent cores is moved away
from the windings.
[0016] The core section can be easily manufactured
by stamping the required shape from sheet metal. Also,
EE shaped cores, for example, can be formed from only
I shaped sections which simplifies manufacture.

Claims

1. A magnetic core section comprising a substantially
rectangular core section body having opposing sides
(20a, 20b) joined by opposing ends (20c, 20d), and
further comprising interlocking features (30a, 30b)
provided at each of the ends, shaped to interlock
with interlocking features of complementary core
sections (12a, 12b).

2. The magnetic core section of claim 1, wherein the
core section body is formed of a plurality of laminated
sheets stacked together.

3. The magnetic section of claim 1 or 2, wherein the
interlocking features (30a, 30b) are in the form of
teeth extending from the ends.

4. The magnetic core section of claim 3, wherein the
teeth have tapered sides.

5. The magnetic core section of claim 1 or 3, wherein
the interlocking features (30’a, 30’b, 30"a, 30"b) are
in the form of T-shaped protrusions extending from
the ends.

6. The magnetic core section of any preceding claim
wherein the core section body comprises two parts
(120a’, 120b’) separated by an air gap (400).

7. The magnetic core section of any preceding claim,
further comprising a winding (11) of conductive ma-
terial wound around the body.

8. The magnetic core section of any preceding claim,
being a core section of a transformer or an inductor.

9. A magnetic core comprising one or more magnetic

core sections as claimed in any preceding claim and
two complementary core sections (12a, 12b), the
one or more magnetic core sections fitted between
and interlocking with the complementary core sec-
tions by interlocking engagement of the interlocking
features at the ends of the core section with the in-
terlocking features of the complementary core sec-
tions.

10. The magnetic core of claim 9, comprising two mag-
netic core sections as claimed in any of claims 1 to
8 and wherein the complementary core sections
each have two interlocking features.

11. The magnetic core of claim 9, comprising three mag-
netic core sections as claimed in any of claims 1 to
8 and wherein the complementary core sections
each have three interlocking features to form an EE
core.

12. A method of manufacturing a magnetic core section
as claimed in any of claims 1 to 8, comprising stamp-
ing the shape of the body and the interlocking fea-
tures from sheet metal to form a shaped laminate
and stacking a plurality of the shaped laminates to
form the core section body.

13. The method of claim 11, further comprising winding
a conductive wire around the core section body to
form a transformer or inductor winding.

14. A method of assembling a transformer core compris-
ing:

manufacturing one or more magnetic core sec-
tions as claimed in claim 13; providing two com-
plementary core sections; and
interlocking the one or more magnetic sections
between the two complementary core sections
by engaging corresponding interlocking fea-
tures.
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